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HI3 B ft/il^o ) o L^-fftCDii^-T;^ •ftliF/rMcDSJtm^Hlcfrfc 

-tr«> h3 6(DTL/-nimi CD IS 2 8fr£>CD¥fT7fc2 5 CD Alt^gl^^Mt'^ - <t 

*><w«gT?fcy (Ei2c^#HB^^fci> 0 ) , m$L(Dm$fLnE.m i m&&m£*itz 

C0cfc3lC % 1 -< >T%tzV1fa3 0 0-50 0^CD^XIi77-4z^ hCDFtUPS+M ^ 
;i/£0. 0 0 2~0. 003>f>f (0. 051-0. 07 6mm) IzS^t"^ 



(23) 



<8S¥9 - 5 0 7 5 8 4 



$J2 (5 1cm) DclMi^-tLm±-Cfc-§)o 

flKDa&SMfc^r-tzy hff^WJlcli, l&MWfc (Parabolic) „ 4fn# (Ell 
iptical) % JKffltf (Hyperbolic) „ nff2# (Circular) , (Exponential 
) s ^iliCtt (Polynominal) „ (Polygonal) JSLlSzH^om^it^ 

7 -try K^I/tV ? - h4 O^^-T^'J ^U^^^^fflLfrif-a- 

(DlfJt^^^-T (U2 ClcfcLNT^-e^-T) o ^;lt£t&aj*i Jt® 
ffl (i4A~i4C#I) iCO^T^-f^i:*,!^ I^^IllttHltti^^J^I* 

fclfS3t«<D||;llftai*tJt«Lf=o »*Ll^Jt^ffll*mHfr|-0> nl, n 2 & 

^n3$ttfflLf=^:i=fc^T»a<Lfc*«ftjSA0 (^m) ^-efe^^^^ro 
-iT-bvvz 6o&m&m2Mztt&?izmwt&}\z : mw.?z>zt\z&^xmm 

£*i& 0 MIBLfcIl 11*1^^13 (Vertical viewing angular range) (Dfa\'0\z)]n 
7K¥*!£©B (Horizontal viewing range) CO^MIijtft 7?t h 3 6 (D 

BVKDmwta&mz&vmmLm&o i4A-i4 uz7r^mu(Dnm.^itm 

11 0MLtAi2 4£dflP^N A= (ni2. n2 2) 1/2(£>^H|^|cfc^T 

MIC 19 A&tfUlQ B\tm&m.V§rm7* — t)*£*ltzmWihJl (Tightly 
overlapping focused i I lumi nation output) &L£jgl-t!i;l N S?l^"£ — t) 
X ^HtzM^MiHtJ (Less overlapping focused illumination output) ^r-^-tl-? 

tim&?&ftmftj5ft&m^®<»&m££ihiz7jkLx^z>o -m^n-'-^y^ 
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• 3>L 0 j.-$ • X^J — >8 7IZfclf^il^(D^lS§lt "D" #5 0 OmmTffc 
&-JoX. |5]3>t 0 n.— $i ■ X^ »J— >8 7 COMES £ "V" rfifol 5 0mmt* 

fo&^t&mmL terns. ctLb(D«i^(Diiffl^pr^-efc^o =i>t°i— * -x 

^ g->8 7(DMS*'i>75)>^S^^S^±(7)S§|| "D" lC{ia-r^)IIIl#l*X>7 
g— >8 7<0]IgflfCfct^Ttt;I']£*tfc- 8. 5Jtfrb* g — >8 70JSSI5IC 
fcl>Tf+;Ii]£*lf::+8. 5 Jt£T?1fc»a>ftJtl=a3t*TX$ g — >8 7 <7)m&£® 

fc->XT-A*ffifflf*Kicsa*L<<tL^#*ais-r. x* g->8 7cdis^^ 
<7)®H£frji®-r& (B9A#i) o x^ g— >8 7©t*"C>^6a)ftjsat;Eiii= 

minal illumination angle) JsTFI-i£3* £*i&o fflz.lt. ^1^11*^7 7 

g 

— >8 7fl)4J«D©Mffl!ji=fc«+'5 12-2 om.<omm<ommit^^%izt^x^i^ 

»J**"*TO<D*IM*»=**L-C7^<';/ h ■ 7tHz^ K® (Flat facet surfaces) 

^35. 6-33. 3j&<Dmmx'mt?&fr. &tzi*mtmm\~*iLx¥-?tttii$> 
&5\z7T-tzv bomwtfiM&i&iizmwitsti&o x^g— >8 9 (H9b#jib) 

<Dm&frh>mU3zx<DMmiE Limbic J: g v TKTffi(D3feSifT^lRl$^5ELfcm* 

jb<£C&o 7TiZ^ h®3 4li$IJOTtg/ < f^ffBBjai7D^$ff$^-r'<<T r -f 7 
i— +P8 3^i:a)*§^-tJ:^MlCnI^-efc-5o Sic, h • hS 1 6 

8 li^^r Z>D.—*f 1 7 O tCD^i+^pTtg-efe-So fi£oT. 119 BICTF-T^^I^ 
. X<7 g->8 9±(DS^^^BI^fcaNT^(7)^^=m^lEli)!l$-t+'g)tg^lis 
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Ll^bCllis 77^7 h<7> 1 -Olil±(Dfkfg.<»Mit. 77t^ h 3 8 <7)f B 1|5S<D^ 
• ^UXA07U'f (Array of micro-prisms) £fi£3te<E>fi£Hfc/*y *? =54 hi O 

1 ±icieapr^-efe^ (mi sa#bb) 0 c(D?7-tzy h®3 4-eii, Ji£iiiM 
m-&-erfmi^z>*ixi^& 0 z<Dft&mmit7T-bv h^jtic^ur^^o 7? 

'J • ^ JUA ( n = 1 . 4 9) CDi§£\ -flSfalcS^Jtli 90-1 00 Jttf) 

^ft^ii^fc^ > 'jXA(D^ffli-<j=y||^$tU'So fir, z^icct y^± 3 5j£ 

("Curtaining" effect) &7jk? 0 < <7>fi*i#£ ;SSL 

fc^iiEfriCcfcy. 100-1 1 oj^osSSic^lt. ftmetzi+^mztitz? 

t v V Itm 0 / 2 f£ It [Difi £ ^7i^ Jt #*fT £ JM^T tj<5£I£ £ tlX ^ & 0 
g]l 8l^-fHj»J-eii s 7t-£v \-m<Dftm<Dmmwtii : $iit\t7 7-tev K3 4 

•S o 

Ti = 35° - (0. 1 33° /mm) • x 
^2=35° + (0. 1 33° /mm) ■ x 

77t^hl34 (ID2D#RS) liJ$P^frI*ffil<D^^^XjPXl|<7)^^a)^ 
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nm,&oimizi-z> 0 ^(Dmmtm2BRxsm2ciz^^ji^v$6i "z" w$ 

A (z) =Ao-C • z ( 1 ) 

Ao=l^^i^vI (H2A#Bg) 
C = a >X £ > h= t a n 0 

fctti^l) ICOUNTll^#^)c let, Z(D^t±J*liM^^T-tr^ h® 3 4^ 
L<(*36, ^/cli&ifc'J^U^* 3 3 (IH2E#.HS) LTif^lCt±i^ L 

W 3fe T? fc o 

&tfMof«ft-^;hJ»l^aira*i (z = 0) LS^M<Diffe^o C<D#J#] 

> hl*ISS£Jh./=7>'<;u hffl^J^^ (Lambert i an output distributions 

) mtL^ut^^, zoftftitmz&m-e&Zo mmtemmtLxitmm 

MtfcSA (z) cos (0 C ) #3*lf£>*U I^BfJ!ft^Ml*AoLotl5lS 

^-•cfcot, ^onjiaiiaa (z) &m&mz7jk-? 0 ckd^^-t 7i#>iz. #y 

;U*i$)— fcHMt£SA/t£i:-*-<5o Z(Dm^. d P/d z =3>X£ > H<h:fc:£o 
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LoVa 2 + MaVr 2 = 1 



(2) 



ZOimS. dP/dL = 3>^>h- [1-L2/a2] 1/2_&£ 0 LfrU 
dA/dz= [Ao/L c ] dLo/dZt^§ 0 C^TK L c =cos9 c ffe^ 
o tot. [1 - (L C A) Va 0 C7) 2] 1/2 d A =_>X$> hlCd z^ii: 
fcfi__fc_o »*LL^J(S«ir-fc^Tor=L c -efcofc^"r^o C(D$gmi±A/ 
Ao=s i n U<DftAI~J:yfi?SR£;M#<£o t^ot, A = A()s i n u#.7ju + 
1/2s i n (2 u) = (7T/2) ( 1 - z/D) TJfcU . Dli^x <y vjf 1 2 



dA(z)/dz= -dP/dz (Ao/ [1- (n*/m)- 2 ] ,/2 ) (3) 

_____ 

__|::^-r£T(7)i§_|z„lNT. thtlftHiltZ' ls*)l>B.M (Fresnel reflect 
ions) CicfcoT^M^ftTl^o ^(Dtzdb. mJiftmzlZtePftMW&ft -5 

(fc'a) o 

^W-r<5 2 0(7)J_ST^*(Dr B 1IC 1 OOx, y << __„ n M 

, nNlix, y — 7i- X£1#^oT$t*#£;riTl^o Hot, r>iMi = 

n2M2, niNj — n2M2_&£o x, z ®^(7)AI^J„lis i n0 e ff=N/ (L 
2_ N 2) l^ic^ot^btllio 2a>t?. lWSBa)|!8fli^€» s i n0 2 eff/S i 
n0ieff= (ni/n2) [l-M^] 1/2/ [ -| _ (ni/r^) 2 Mi2] 1/2= ( 
ni/n2) eff£&&° #IJ*Ji\ r>l=1. 49, n2=1. 35S.7jMl = 0. 5 
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(Om^. tiSMlil. 03 5 (ni/n2) <!: l ) . HS^J±I±HI^CDS 

^oTMtfTfckK Isl^xy vjf 1 2(Dm^lix$ftlC;tio-CM^T^^ (El 2 A 
#HB) 0 L, M, NmfHx, y, z ICj^o fc <-J. n 

^rBliifi.h.lrtlC^b^^JSCTT-fc^^M^ia]^?^ (n L. nM. nM) 
^iALfcttl)o ^i7vI1 2rtlc{ia-r^^S3fe^ii^. x|z;Go;M£ 

mi (Dmiztsi^Xs M2 Afzj^f ^x^v=g«l oii^x^v^Jll 2lzi*j-£: 
SW^^L. frOijigA (z) = A 0-C ■ z t£&\Z z iZ}QiTW.1&mzmiS 
Z>T—'*&ffiz.X^Z>o L (z) A (z) liST^^tt|-S^L^TI$lS-^(Dm 
£ vWMlCjaot^fo m%tf L = L 0 £ <!: t &oT z = 0 S> tti5§ L 
fci§^ (Ao-C- z) L (z) \tLoAot\Z&m—ttj:Z> 0 MliL=co 
s 0 c -efc&ii£-|z<t7iy vjf 1 2*>Miai*rU lHjfB<7)i£l::;fcUT 0 C (±EI^ = 
[1- (n 2 /n 1 ) 2] 1/2-efe^ e Oi'Vvi 1 2^t,ailfr^fc^ 

fl)^frliAo-C ■ z = LoAo/cos0 c i:4^o Cti(*z= (a'o/C) (1 
-Lo/cos0 c ) ICfcl^ii:i)o tot, z IC^tL-S^^^Sli^^^fS] 

'>f&o zlzfcMt^;m'>iI^xlZfclt^>M'>^Jtcfcyil^ii^. 
LTJl^WTfcy. ^oMfBCDiT^^ttA<3lffl$+Li)o ^X\ M2 4^z 

l (z) <om.^mtmxL. z<Di&&mizte^xf&&?&tz&<DffiRmzmLm 



(29) 



t#*¥9-5 O 7 5 8 4 



WLfy%kmSft^Z?u-? <<— )\, (Parabolic index profile) <7)i§^ JSM^ 
UZ?4— MZ- p <X plZ&l^X n 2 (x) =n 2 0 [1-2 A (x/p) 2 ] (D? 
* — A£fi|*_. | x | >,olcfcl^T = n^r^Q [ 1 — 2 A] £{i*.<g>o ^ 
LT. x =0\Zt5lfZ>ffi a RftmZ&f&t Lt s i n 20 c =2A=1- (ni/no 

Sc^'J^'S-^'^ x = oizfcit^^iB0ii0 n l d xoymm^mz 

) *><z 

r. mmmitmws&m&mztf^K u, y, z) iz^xm^m^izmt^ 

tH#£o 

•Y K4 6 icS-^LNTPJE-r-So RM^IJS# (Cylindrical polar coordinates 
) lzfclt&;SfS]£3£|£k r . k0. k z Vfo& 0 ^h'4 6rt^feKW^4 

0nk z dz~H^^>h (Wttt) (4) 
n r k 0 ==l > h (£M»jfi<S??) (5) 
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5 2 <h Lt z^|S][:;ftot?ffl^lftl)o 

<*><*: 5 fci/** MJ (Cfcl^T. ^4 8l*5 B-5 BiS&|Z;aofr 2 ;:fc7C<7)*«S 

Hit. f-fX^ff^-f htf'f K4 6lZfcl^T. L 7" -fe h ■ T U-T 5 6 

lif-fX^ 4 6 t|5l'i>^^-r-ii(D^CDiS-efc^o lot, ^T-b^h5 6(D 

mm&<Dfflssi&mctz±nm (fuii angle) rticfc^-cmfriztbirrs,, 

fcf 1 CDH6 1 ^LTL^o g1 (7)Jf 6 1 tt1 0(7>A3tftJ£<2> £ff* 

J$-r^<<SLN|Cl|xm-r^7I®6 2&im®6 4^LTl\§ 0 Hlz. $ 1 <7>Jf 6 
1 (ill® 6 2&tm®6 4 £$S^W®6 5 ^ii^riN^o 

^omtLxit. mme 4izmm-?%fr^ ^tzitmmmeAOMTizi^m^-^ 
&mwm^®&'£t;^ttfx£. mmBmwm^mzmmmn 2 <Dn2<D*mm 

8 1 £T!®6 2l«LttL-C^^ 0 Jl 6 6, 8 1 0) 5 < <b t 1 Oli 

&n&ftOJi*tffti&£frtz¥vvZf&tzlZmMmm&¥*v? (Transp 
arent dielectric gap) T?feyt#-S e 

3 h (m^B§) £l£ffllf->g>7b\ *fcl*X'«— 9-6 8£»1 (DJ16 1 

l^flilz. x^—- 9- 68^11 (DJS 6 1 Stf m 2 <Z)3feaifT*[Rl^MJf 8 2 (DfUJlzia 

o gUfc***4<7)0iJlzl;fc. V0u->r;u (n2=i. Q5~1. 35) % -p^mm^it 
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(n2=1. 28-1. 43) % 7sMb*Btt (n£=1. 3 8~1. 43). Mtf 
Clv'J X<h Lfc/KUT— St/^^J (n2= 1 . 40~1. 45) CD 

ji6 6. 8 1 iin <Djf6 1 3^e>Ai*Lfc*i»fl>eift*»#-r* 0 -©wi 

[Cfc^T. 3fe»0>-gP(*lia 6 2I=**LTS1S!JI= 0 c ^ff^^"^o fit, 
l*3feiifT^lfilMJB8 aicfeSSJEP^ffia^Hlfi-r^OBS 1 WlcASTf &<> fife 

or, % y afttif&jiia 6 4ic^LTft*;]ize c £Mcu ^-eftiifr^ifi]^ 

JEJS7 0lz«fc5Mfc£^31£ISifr*-'<<JS6 ep^lcA^-r-So 

*5£W<D$t&L^mmT:lZ. 166, 8 1 (DffiTfA^ffif £o 166, 8 11* 
C*lC)fl)I8r$lil^ISr$AW>^- 7i- X6 2, 6 4 dfel^TEgJ 1 ^ £fM 

| a r c S i n ( n 2a/ n 1 ) — arc Si n (n n 1 ) I < 6 0 ( 6 ) 

ftm<D*m. fr-D^&}-U7^<7'>a >A^it*T75ia]^MJi 7 0. 
8 2lzfc(*£Mfc-£«!3£Hlfc-r'<<H6 6. 8 1 0)-t*U-e*HzA*t-r*„ 
l^©77^va>li2O0mT$n2a, n2b^ J 5*><D^L^73^^-r'SH^|-A 

trr5o ftitfT^is^HJf 7 oiii6 epuzAmr&y^tisa^nft&mmTt 

^0^(7)!?IJ(D$T*LL^4*-eii. 16 6, 8 1 liJS#T¥n 2 < n j £fiiiLf- 

\zt$u-z>mnm&miin£ j £$>z£iz&ymw.i o<D^m^M6b^> 0 &o-c. me 

6, 8 1 7b<^m*frl*ffilCD73X (n 2 = 1 ~ 1 ■ 0 1 &ffi7Ltztf*) ICjzoTft 
mZtltz^TvZfT'fo&m'Slzffimm (Collection efficiency) 
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166, 8 i<D&£itmwi oo)thj3&fflftifi$mw?&t)\ ^tzmnnmm 

2~0. 003^^ (ftO. 05 — 0. O 8 mm) ifAD^1±'5Z<b:lC«j; y , ^ 

n o<Dmi^<D$mm\z§&±Lmi^i%-te. : &®i<m'pT-£&o me 6, 8 1(7) 

£-tH#<5 (El 1 2 L#RB) 0 

7 1 ^LtL^„ Slt/17 1 f*5felSlSB6 6OT1 (7) IS 6 1 LTJ5l}-f 
-So 3fcive. 3fcHfiH®6 2^^ LTi1 Off 6 1 F^AITf -So fit, ft& 
I45£3&:««ia$»(+S^<<3t3ifT^lRlSE5eS8 2rtrcA»-r*o flJ*-l£> SltJf 
7 1 li^Ftl&IEJSiJ'J 7 b££ (Planar specular reflector) „ gfl^tfj^ L < 
ti^^&ffiflfc'J 7 U^^i (Partially or completely diffuse reflector) s 
TSZ?tAlv h ■ 'j:?U££ (Faceted reflector) (D o *><ZH^"^*tlA N 1 offcy 

14^-14 (hi4n#rs) ^^^^<<^7 1 ic^ffl-e^^o mmonm^w^ 
a m (Tails)- (ni4 i#i§) zm-tzm-s. ffiSE^u^^rowjft 

L^o 7 7 -by h ■ 'J 77U^^I±H8 1 P t 3lzfclNT211ff$^^-r^®^^^^J5£ 
(Hl4H#ffB) 0 Stot, RffSI<7)aj*^Jt^W2TI^-efc^Ji^ N 77 
-fey h ■ U 7U^£(7>&ffl7W£LUo 0iJ*-(£. i£L££M^-£;i<hfr£>. £ 
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tmv hitfk&Ktii&nmizfcifzttuz^ 

"*<ttirc#<&. sit)S7 1 itihtiQmttftjBLtfiiiJkftmzttLT&w&8.&L 

m&o Pftm(Diiit>'A1u&mm-?'<<Jxmm7 1<DJx.m&. lESIttt (Specularit 
y) Ztzltit** h V&iiLWtt tlz&WZZ&o mxit. &.W\zft?Z>M$Sit 
L 

X(DJx.mm7 1 (D^-Xb* > h(7)£)IE ((HI 2 L#HPJ iZfcMfS'J^ fc^fbl**; 

ytmnijfa&mm s 2 itmmm n 2 <fc y xzummm n 3 ^^-r s £ 1 1=, ^ 

i&mmme 6Mi 1 <dm e 1 &m&Lx&5.m£*iz>o ma 2(dm^xi*v 

a^^ic^M^^^o me Aizm-r^oiz^ ^m^m^Li^-mmmmizts 
t>r. 5feit^iS]^MJi8 2 itumm m 8 1 i^^ic^T-tz-v hs^Lti^ 

So 118 2fCAI^-rS^cli. 7T-tZ^ 8 5lCfclfS^ 1 <T>-JT J ZV h 8 4 \Z 
J:otSST$^§, fit, ^<D^cli^7-l2^ h®8 5lCfcltSH2(7)7T-tz^ 

h8 6icj;or. ±i*mz[*ittfrt 3 jx.m£*iz> 0 *mw<D-mmizt$i^x . tttm 

ftjjfa£.^.m8 2li3Mtt(D^-efel) "itilSaS 3? -f JUA" OUT. TRAF 
A FliSUff^ffl^^L. £T<DP*gSPJ£3*£li:l£9 0J£JS#t£1+. -j|Sffl&LCD 

y, *a>fc£i;M£JB8rJ»8 1 izxm?z>%i 5 <d <-tzizititftte 
ftLtzmmmmx.v^pi&mmiz&'ox . u^mma -\ izxttLtz£t>iz§,<<D 
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m2Miz7K-?mm<Dxm\zte^T. &Mz?T-tv ^mm^^mLxm^n 
fttamm<Dtemzfomx£z> 0 "ta&viz. *%\zm\^z>z>7*>v vrntt^ 

%mM<DHmiZ. ID 1 2 E (H40) % @12G (Jf 1 5 2 ) n @12H (Jf 
166) s H112K (|186) . EI12N (12 10) . El 1 2 O (JS 2 2 8 
) , I12P (JS2 4 6) |Z3f£*ITI*& 0 

*%BA<r>m<Dmmizt$i^x % 16 e^ums 1 i*. ^ti^tifr-rt^zwz&m 

fJT¥n2S^n2' ^Lt^-So % 1 (DMlkTS 2 OCDJi 6 6, 8 1 (DPbKD^® 

o<D±m?)imt#mzi&LX^&o 

| arcsin(n2' /ni)-arcsin(n2/ni) \ <<t> (7) 

^t, ^om^. &tttmiTjjft&mm7 o, 8 2\z&yz?>\zmm$-tz>tz 
mzmmoitztfme 6, si izAsrr &<> 

IM£I!6 A(z^-T2iia^XI4^aSW^i:*£»Ji8 3£^-A,m^ 0 —tattle -co 
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5l/>Xif-f 7i- ?1 1 2 £<f*.& Chicly, £f>l::88fll£*l£o 
U>XSf^a- tM 1 2liy$fi(7)i||&^|fiJlCSi;^g^-^^ife-r-5o 

-T7P U>Xliz$fc£l^§;^Tl::Mt;T^£ (11 2HMi1 2N#RB) „ 
fc\ f^i-fl 12, 11 3a>lHSIIli?l*^fi<I^^«^-r^C«!:^<3c 
ftLttJ:^ iHj^il-, U>Xlf-f 7i-+f 1 2 2. 1 1 3lii£|::lBS£*lT 
Hi oiz^-Tcfcaic. f-f7i-f 1 22, 11 3 liifbttcDjm&lztfcjL 

#\ tttfcsi 1 2, 1 1 3tf±&<D&*toi£tom&&-r&o 

H1 llc^-Tcfcdlc. ®J0)li*Ll^S6^JB[=fc^T, ¥7 7-b-> h5fcii*T73 
IrIMJB 8 2IS 1 1 o&tfm 1 oizt^TO&U^XMtw 7i — tM 1 2(7) 
fEffll*. ffi7T-tr ^ h (0"J;il£, I2H, IH2M. El 3 A £#BB) £W 

-r*3teiifr*iai3EHIi 1 1 4K£o-c#£;tx& 0 ztibfl)7 r-tz y hffi*l±&(D 

y$40)±|i73[^lc5iU:^#^-^^(Df-^(7)r< 7i— If <t Lt^fflt^. 1 O 

i i si*. z$ftcD±$fi73iS3i^Mi;^<t<ttic N ^#-r^i^-^5fe^*£tfe-r^>fc 

^icmx-^n-So ccDMcDU^XMt^ 71— tf^-C7 □ U>X(iz|ft<i:l5IS¥ 

fricsut-ci^o u>xif>f7i-f 1 1 5$ii:EiLfcy, mi o 
% ^(D^ot^mit^miz^Toymm^JSL^TttK n 14, 11 s^smLfc 

|-J-&77-try h^U>XU>v h(lenslet)^F B ^(iM*L<^L^TU^^i6|[t. 
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(lcd) ^itm^^m^ (ccd) mco&^izmittZH&mwizte 
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